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Abstract
INTRODUCTION: Adolescent Idiopathic Scoliosis (AIS) is a spine condition affecting 1-3% of
the adolescent population in the United States. Of this group, approximately 0.5% require
surgical intervention to correct the curvature.This results in approximately 29,000 surgeries
performed in the United States each year on adolescents to treat AIS. This represents a
considerable financial burden along with the risk of surgical complications, so exploring
conservative alternatives to surgical treatment is a worthwhile area of research. The literature is
lacking on the conservative treatment of scoliosis regarding the Schroth Method as a primary
intervention. The purpose of this study was to determine the effectiveness of the Schroth
Method on improving the curvature of the spine, pain ratings, and quality of life in
pre-adolescent, post-adolescent, and adult subjects. METHODS: A retrospective chart review
was performed to examine the research question. A total of 245 subjects met the inclusion
criteria (17% males and 83% females). Subjects were reviewed on angle of trunk rotation (ATR),
pain level, and Modified Oswestry Disability Index (m-ODI) at evaluation, progress note, and at
discharge. Each outcome measure was analyzed for significant change between evaluation and
discharge using the Wilcoxon Signed Ranks Test due to the non-parametric nature of the data,
and difference in efficacy between age groups was examined using the Kruskal-Wallis Test. The
Mann-Whitney U test was used to compare relative efficacy in outcome measures between
specific age groups. RESULTS: Average improvements in the ATR outcome measure included
2.75 degrees for pre-adolescent subjects, 3.47 degrees for adolescent subjects, and 3.4
degrees for adult subjects. In the ATR outcome measure, there were no significant differences
between groups. Average pain score changes included a 1.21 point improvement for adolescent
subjects and a 2.05 point improvement for adult subjects. In the pain category, an adult group
(ages 18-39) performed significantly better than both an adolescent age group (ages 10-17) and
another adult group (ages 40-69) when compared with one another. Average improvements in
the m-ODI outcome measure included 10.3 points in adolescent subjects and 20.12 in adult
subjects. In the m-ODI outcome measure, two adult groups (ages 40-69 and 70+) performed
significantly better than the adolescent group (age 10-17) when compared with one another.
DISCUSSION: All age groups improved in ATR with no significant differences found between
the age groups. In the subjective outcome measures of pain rating and m-ODI both the
adolescent and adult groups improved but the adolescent group improved the least which was
likely influenced by the initial low scores. The results of this study suggest that the Schroth
Method can be an effective treatment in improving function and reducing pain and disability in
patients diagnosed with scoliosis. CONCLUSION: This study supports that conservative
treatment that included Schroth Method exercises provided by a Schroth trained physical
therapist were effective in treating scoliosis. The Schroth Method's efficacy should be further
explored with more detail to specific Schroth interventions and their biomechanical and
physiologic mechanisms.

Table of Contents
Abstract…………………………………………………………………………………………………….2
List of Tables……………………………………………………………………………………………....3
List of Figures……………………………………………………………………………………………..3
List of
Appendices………………………………………………………………………………………………..3
List of Abbreviations……………………………………………………………………………………...3
Definitions of
Terminology…………………………………………………………………………………………….....4
Keywords…………………………………………………………………………………………………..5
Acknowledgements……………………………………………………………………………………….5
1. Introduction……………………………………………………………………………………….5
2. Methods………………………………………………………………………………………….11
3. Results…………………………………………………………………………………………..12
4. Discussion……………………………………………………………………………………….17
a. Limitations……………………………………………………………………………....20
b. Conclusion……………………………………………………………………………...20
References……………………………………………………………………………………………….22
Appendices………………………………………………………………………………………………25
List of Tables
Table 1a-1d: Demographic Breakdown
Table 1a: Total Sample Demographics……………………………………………………….13
Table 1b: Pain Rating Demographics………………………………………………………...13
Table 1c: m-ODI Score Demographics……………………………………………………….14
Table 1d: ATR Demographics………………………………………………………………....14
Table 2a-2c: Average Improvement of Pain Rating, m-ODI, and ATR
Table 2a: Pain Average Improvement………………………………………………………..15
Table 2b: m-ODI Average Improvement……………………………………………………..15
Table 2c: ATR Average Improvement………………………………………………………..15
Table 3: Statistical Analyses of Results……………………………………………………………….16
List of Figures
Figure 1: Examples of Qualitative Sagittal Profile Descriptions……………………………………..7
Figure 2: Visual Depiction of Schroth Scoliosis Blocks……………………………………………….9
Figure 3: Visual Depiction of Schroth Scoliosis Blocks for Three Curve and Four Curve
Pathologies………………………………………………………………………………………………..9
List of Appendices
Appendix A: SRS-22r Patient Questionnaire………………………………………………………...25
Appendix B: Data Collection Sheet…………………………………………………………………...31
Abbreviation List

AIS: Adolescent Idiopathic Scoliosis
QOL: Quality of Life
ATR: Angle of Trunk Rotation
SOSORT: Society on the Scoliosis Orthopaedic and Rehabilitation Treatment
PSSE: Physiotherapy Scoliosis Specific Exercises
SRS: Scoliosis Research Society
IRB: Institutional Review Board
PC: Primary Curve
SC: Secondary Curve
NPRS: Numeric Pain Rating Scale
m-ODI: Modified Oswestry Disability Index
SR: Status Report
D/C: Discharge
A-P: Anterior to Posterior
SF-36: Short Form 36
EMR: Electronic Medical Record
Define Terminology
Scoliosis- “A general term comprising a heterogeneous group of conditions consisting in
changes in the shape and position of the spine, thorax, and trunk.”2 These changes are three
dimensional in nature.5
Adult idiopathic scoliosis- “In adulthood, IS may intensify as a result of progressive osseous
deformities and collapsing of the spine.”2
Idiopathic Scoliosis- “Scoliosis of unknown origin and is probably due to several causes.”2
Functional Scoliosis- “A spinal curvature secondary to known extra spinal causes (e.g.
shortening of a lower limb or paraspinal mm tone asymmetry).”2
Cobb angle- “The curvature in the frontal plane (AP radiograph in upright position) is limited by
an “upper end vertebra” and a “lower end vertebra”, taken both as a reference level to measure
the Cobb angle.”2
Absolute goal- “The minimum expected goals of conservative treatment. If not anything else, at
least these goals should be reached.”2
Primary goal- “The “best possible” goals for patients starting treatment in each specific clinical
situation.”2
Secondary goal- “The compromise goals that come when it becomes clear that it is not possible
to reach the primary goals.”2
Schroth method- “The schroth method consists of sensorimotor, postural and breathing
exercises aimed at recalibration of normal postural alignment, static/dynamic postural control,
and spinal stability.”11
Sagittal Profile- qualitative description of a faulty posture in the sagittal plane.9
Flexicurve- “Malleable band of metal covered with plastic and approximately 60 cm in length.
The ruler can be bent in only one plane and retains the shape to which it is bent.”7
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Introduction
Adolescent Idiopathic Scoliosis (AIS) is a spine condition affecting 1-3% of the United States
adolescent population.1 Of this group, approximately 0.5% require surgical intervention to
correct the curvature.2 This results in approximately 29,000 surgeries performed in the United
States each year on adolescents to treat AIS, according to Noscshenko et. al.3 This represents
a considerable financial burden and carries with it the risk of surgical complications, so exploring
conservative alternatives to surgical treatment is a worthwhile area of research. Furthermore,
adult scoliosis is underreported and has been observed in 2.5%-15% of a controlled population,
with low back pain being the most frequent complaint.4 In 80% of scoliosis cases, the cause is
unknown, or “idiopathic”.2 There is speculation that congenital or acquired vertebral disorders
play a role in the development of scoliosis and we can assume the cause is due to multiple
factors.2
Scoliosis is defined as “a general term comprising a heterogeneous group of conditions
consisting in changes in the shape and position of the spine, thorax, and trunk.”2 These
changes are three dimensional in nature.5 When idiopathic scoliosis is left untreated and
exceeds the critical threshold of 30-50 degrees, it may lead to a decrease in the patient’s quality
of life (QOL) due to severe trunk deformities.2 These deformities can lead to limited exercise
capacity, limited functional biomechanics of the chest, decreased ability to work, decreased
general fitness, cosmetic deformity, limitations with progressive function and pain, and visible
disability.2 Scoliosis is most likely to progress during growth spurts.2 These spurts are most
common at the ages of 6-24 months, 5-8 years, and 11-14 years of age.2 There is an increased
risk of the patient’s curve to increase in the beginning of puberty and the chance decreases
throughout the stages of puberty.2 This is easier to assess in adolescent females because the
later stages of puberty and resultant decreased risk of curve progression are signaled by
menarche, which indicates the peak growth has passed.2 Scoliosis progression is most common
in girls, particularly during the growth spurt during puberty.2 Scoliosis can also intensify after
growth is complete due to to spinal collapse and progressive deformities of osseous origin.2

With an increase in Cobb angle, specifically curves greater than 30-50 degrees, there is a
higher risk of curve progression in adulthood.2 This can lead to limitations and health
complications later in life, and this is why management of scoliosis early on is imperative.2
Scoliosis examination is complex and includes several methods of classification, as deviation
occurs in the frontal, sagittal, and transverse planes. The frontal plane classification is angular,
in which the Cobb angle is described numerically in degrees. The gold standard for measuring
the Cobb angle is via radiographic image. The spinal segment of measurement is limited by an
“upper end vertebra” and a “lower end vertebra”, taken both as a reference level to measure the
Cobb angle, which has a standard error of + 5 degrees.2 There are 3 Cobb angle cutoff points
that define the severity of scoliosis.2 If the patient’s Cobb angle is under 10 degrees it is
uncommon for the patient to be diagnosed with scoliosis.2 As the Cobb angle progresses over
30 degrees, the risk of health problems and curve progression increases leading to an overall
decrease in quality of life in adulthood.2 Furthermore, there is a general consensus that as the
Cobb angle surpasses 50 degrees, the patient will most certainly have health problems and a
decreased quality of life in adulthood.2
In addition to frontal plane curvature, scoliosis can be quantified by its rotation in the transverse
plane. This deviation is called angle of trunk rotation (ATR).2 The ATR is often measured by
using a scoliometer.6 This measurement is typically done in a seated position to neutralize the
lower extremities.
The sagittal plane deviations can be measured quantitatively as well as qualitatively. It is
measured quantitatively by using a flexicurve which, according to Yanagawa et al. is, “a
malleable band of metal covered with plastic and approximately 60 cm in length. The ruler can
be bent in only one plane and retains the shape to which it is bent.”7 Another quantitative
technique for measurement in the sagittal plane is using two inclinometers by placing one
inclinometer on both the upper and lower end spinous processes of the segment of interest and
taking the difference of the two measurements.8 A sagittal profile is a qualitative description of a
faulty posture. Some common sagittal profiles include: exaggerated lordosis, swayback, flat
back, round back, humpback, and Dowager’s hump (Figure 1).9 Scoliotic changes in both the
sagittal and transverse planes are not as objective as changes in the frontal plane.

Figure 1: Examples of qualitative sagittal profile descriptions.9

Another classification is topographic, in which scoliosis is defined by the anatomical location of
the curvature in the frontal plane of the spine. There are six main types of topographic
descriptions: cervical, cervico-thoracic, thoracic, thoraco-lumbar, lumbar, and S-shaped.2 These
curves are named based on their location. A cervical curve occurs between C1 and C7, a
cervico-thoracic occurs between C7 and T1, a thoracic curve occurs between T1/T2 and
T11/T12, a thoraco-lumbar curve occurs between T12 and L1, and a lumbar curve curves
occurs in between L1 and L5.2 An S-shaped curve is used to describe a primary curve that
creates a countercurve, aka a secondary curve. These curves create an ‘S’-like shape. The
S-shaped curve complex can be broken into three or four individual curves. The three curve
pattern is composed of the shoulder (1st curve), thoracic (2nd curve), and lumbo-pelvic blocks
(3rd curve).10 The four curve pattern is similar to the three curve pattern, but the lumbo-pelvic
block is further divided into a lumbar block (3rd curve) and a pelvic block (4th curve).10
According to the Society on the Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT)
2016 guidelines, the four main objectives of conservative scoliosis treatment are to stop the
curve progression at puberty, to prevent or treat respiratory dysfunction, to improve aesthetics
via postural correction, and to prevent or treat spinal pain syndromes.2 According to SOSORT,
the ideal treatment incorporates multiplanar correction in addition to frontal plane correction.2
During growth, SOSORT identifies three specific types of goals for conservative treatment:
absolute goals, primary goals and secondary goals.2 An absolute goal should be geared toward
avoiding surgery, improving quality of life, and improving aesthetics. Primary goals revolve

around preventing the progression of the Cobb angle beyond a given threshold in the best case
scenario, based on the initial severity of the curve. Those threshold Cobb angles are 20 degrees
for a low severity Cobb angle, 30 degrees for a moderate severity Cobb angle, and 45 degrees
for a severe Cobb angle. If the primary goals are not reached then secondary goals become the
next priority. The main objective of secondary goals is to prevent the Cobb angle from
surpassing the surgical threshold of 45 degrees and to delay surgery in severe Cobb angles.2
In order to work toward these goals there are several types of strategies that can be used: no
treatment, bracing, observation, special inpatient rehabilitation, and physiotherapy scoliosis
specific exercises (PSSE).2 The type of PSSE that is the focus of this study is the Schroth
method. The Schroth method was developed by Katharina Schroth in 1921 in Germany.10
Schreiber et al. define the Schroth method as consisting of “sensorimotor, postural and
breathing exercises aimed at recalibration of normal postural alignment, static/dynamic postural
control, and spinal stability.”11
Depending on the patient’s curve, each patient will undergo specific three-dimensional
corrections.The principles of correction go from unloaded positions to loaded positions. The
specific principles of treatment are: stable three-dimensional correction, expansion/contraction
technique, muscle activation, and finally integration. These corrections must occur when the
patient is in a relaxed corrected posture from a stable pelvis. The exercises performed are very
specific to the curve so there is not a set “one size fits all” treatment plan. In general a
three-dimensional correction means correcting posture through rotational movements,
translational movements and mixed sagittal expansion movements. This includes aligning the
spine in the best possible alignment with no compensations, elongation of the spine with a
stable pelvis, symmetrical sagittal straightening, and frontal plane alignment. In addition, once
the rotational deviation of the blocks has been corrected, then the patient is moved to the
expansion technique. The overall objective of expansion/contraction technique is to breathe and
expand into the concavities of the patient’s curve as well as breathe in a corrective direction, by
controlling internal volumes.12 This is achieved by expanding any collapsed area of the trunk in
any direction including side to side by using muscle contraction.12 Muscle activation is
accomplished by using isometric muscle tension to maintain expansion during exhalation. The
goal of this is to retrain the muscles of the spine to stabilize the spine in the corrected posture.12
Lastly, integration allows the patient to practice the corrected posture in a functional manner.
This is achieved by using verbal and postural cueing to maintain the correct posture with the
goal of eventually weaning these cues and being conscious of the correction for each position to
another.12

Figure 2: Visual depiction of Schroth Scoliosis blocks.13

Figure 3: Visual depiction of Schroth Scoliosis blocks for three curve and four curve
pathologies.13

From the literature search conducted, there were general statistics found on the outcomes of
other types of treatments than PSSE. During adolescence, with the majority of subjects being
females, bracing was found to decrease the curve by approximately 10 degrees when worn for
a mean of six years according to Aulisa et al. 14 Before bracing, the average curve of the
subjects was 32.28 degrees (+ 9.4 degrees).14 After bracing, the average curve was 19.35
degrees.14 After a 10 year follow up the average curve of the subjects increased to 22.12
degrees, resulting in a decrease in approximately 10 degrees overall.14 While surgical
recommendations are for patients with curves over 50 deg, this option is not without
complications.2 While the information on the prevalence on these complications is still
incomplete as there is no mandatory reporting of post surgery complications, potential
complications include: curvature progression, neurological damage, loss of normal spinal
function, strain on unfused vertebrae, decompensation and decreased sagittal deformity,
increased torso deformity, delayed paraparesis, and pseudoarthrosis.15,16 Without treatment,
according to Schreiber et al., a patient’s curve can progress between 0.3 and 1.6 degrees per
month (0.9 degrees on average), with the highest rate of progression during the beginning of
puberty.2,11 According to the American Association of Neurological Surgeons, in the United
States, the most common forms of treatment are observation, bracing and surgery.17 From the
previous evidence, it has been shown that the Schroth method has decreased or delayed the
progression of Cobb angles and the ATR of patients, as well as increasing the quality of life and
delaying surgery.18, 19, 20, 21
Despite emerging evidence supporting the efficacy of the Schroth method and other forms of
PSSE in treating scoliosis, PSSE is not generally included in the best practice guidelines for
scoliosis treatment in the United States. The Scoliosis Research Society (SRS) has different
guidelines in North America than SOSORT. 11 In contrast to SOSORT, SRS incorporates elective
surgery of curves > 45 deg, bracing of curves 25 - 45 deg, and observation of curves 10 - 25
deg, with little emphasis on PSSE.11 Though not widely used in North America, PSSE is feasible
to add into the standard care that is already in place.11
The current literature shows the Schroth method can be an effective treatment for scoliosis. A
retrospective study done by Wibmer et al. evaluated change in Cobb angle and overall quality of
life using SRS-24 questionnaire after receiving a combined intervention of the Schroth method
and full time rigid bracing. The results concluded that patients had better quality of life according
to the mean SRS-24 scores. Furthermore, Cobb angles decreased from a mean of 28.6
degrees to 21.1 degrees after the initial brace therapy in combination with PSSE (Schroth)
however the Cobb angles increased from a mean of 21.1 degrees to 25.6 degrees after the
brace was weaned and only the Schroth was continued. The limitations of this article were that it
lacked a control group, the authors did not discuss the reliability and validity, the article included
a small sample size (n=41) in which 38 are females, the researchers did not discuss specifics of
the PSSE exercises and schedule, and the article had an element of selection bias due to a low
response rate. One strength of this study was that all of the subjects were accounted for in the
flow chart.22

An observational study performed by Farzaneh et al. evaluated the impact of a Schroth program
on inferior angle of the scapula and Adam’s test using a scoliometer.6 To conduct the Adam’s
test the patient will start in a standing position and will bend forward at the waist with no bend in
the knees as if they are going to touch their toes. This allows the observer to assess for
scoliosis in the spine.6 A Scoliometer is a version of an inclinometer that is run over the spine
during the Adam’s test to determine the amount of rotation present in the transverse plane.23
The study consisted of a control group (n=15) who would not receive a 12-week Schroth
program and an experimental group (n=15) who would receive the Schroth program. The results
concluded that the experimental group showed that the Schroth program helped engage
muscles that directly improve biomechanical and postural components as evidenced by a
significant difference in inferior angle of the scapula and Adam’s test compared to the control
group.6 Major limitations to the study include a small sample size, age of the subjects was not
recorded, and the study did not measure Cobb angles.2,6 The strengths of this study were that
the researchers did not lose any subjects during the study and that there was a control group in
which the researchers could compare the results to.6
A randomized controlled trial performed by Kuru et al. compared the impact of supervised
Schroth PSSE (n=15) versus home-based Schroth PSSE (n=15) versus no treatment (n=15) on
waist symmetry, rib hump, Cobb angle, ATR, and quality of life using the SRS-23 on subjects
with adolescent idiopathic scoliosis. After 6 months, the results concluded that the supervised
Schroth group demonstrated superior results compared to both the no treatment and
home-based Schroth PSSE groups in waist symmetry, rib hump, Cobb angle, and ATR. 24 There
are two major limitations in this study. The first limitation is a small sample size of 45 subjects
and the second is the study only lasted 6 months. The strengths of this study were that the
researchers did not lose any subjects during the study and that there was a control group in
which the researchers could compare the results to.24
The literature is lacking on the conservative treatment of scoliosis regarding the Schroth method
as a primary intervention. The purpose of this study is to determine the effectiveness of the
Schroth Method on improving the curvature of the spine, pain ratings, and quality of life in
pre-adolescent, post-adolescent, and adult subjects.
Methods
This study was a retrospective chart review and approved by the Grand Valley State University
Institutional Review Board (IRB) prior to chart review and data collection. The research team
reviewed patient cases completed by licensed physical therapists in a privately owned spine
specialty clinic who are utilizing the Schroth method as the primary intervention for scoliosis.
Confidentiality was addressed by assigning subjects a number based on their evaluation date
and creating a crosswalk table. The patient’s medical information is not identifiable by the
collected data.

Permission to view the patient charts was obtained and Investigator Agreements were
completed from the physical therapy clinic in which the cases were reviewed. A retrospective
chart review was conducted by 3 co-investigators using a patient intake form. The patient intake
form included: the date of the review, sex, treatment frequency, treatment type, location of
primary curve (PC), location of secondary curve (SC), evaluation date, age, stage of puberty at
evaluation, initial Cobb angle of PC, initial Cobb angle of SC, initial ATR, initial pain level using
the numeric pain rating scale (NPRS), initial modified Oswestry Disability Index score (m-ODI),
initial Scoliosis Research Society Patient Research Questionnaire (SRS-22) score, status report
(SR)/discharge (D/C) date, age at SR/D/C, stage of puberty at SR/D/C, Cobb angle of PC at
SR/D/C, Cobb angle of SC at SR/D/C, ATR at SR/D/C, pain level at SR/D/C using the NPRS,
m-ODI at SR/D/C, and SRS-22 score at SR/D/C. The clinic from which we reviewed the charts
measures the ATR in sitting.
The reliability and validity of the outcome measures are as follows. Measuring the Cobb angle
from a direct A-P (anterior to posterior) radiograph image has been shown to have good
interrater reliability (p = 0.97).25 The smartphone app used to measure ATR, Scoliometer HD,
has not yet been the subject of a comprehensive research study, but similar smartphone-aided
apps used to measure ATR have been shown to be valid and reliable. One study identified an
overall intraobserver variability of 0.954 and overall interobserver variability of 0.943, both
indicating excellent reliability for the similar smartphone-aided app.26,27 The NPRS has been
shown to have excellent interrater and intrarater reliability.28 The Oswestry Disability Index has
been shown to be a valid and reliable condition-specific tool.29 The SRS-22 has also been
proven to be a reliable quality of life questionnaire with internal consistency, reproducibility, and
a greater focus on idiopathic scoliosis as compared to the Short Form-36 (SF-36).30
All subjects were patients at a physical therapy clinic that specializes in the treatment of
scoliosis and spine pain. The population included pre-adolescent, adolescent, and adult patients
who have undergone Schroth PSSE treatment. The inclusion criteria for this study were:
subjects who are pre-adolescent, adolescent, and adult patients with scoliosis; subjects who
have undergone Schroth PSSE treatment for greater than or equal to one month; subjects who
have had pre and post treatment outcome measures documented in the physical therapy clinic’s
electronic medical record (EMR); and subjects who have been discharged or have at least two
progress notes documented. Progress notes were collected approximately every month while
radiographs could potentially be collected every 6 months to a year. The exclusion criteria
included: scoliosis of neurologic or traumatic etiology (i.e. cerebral palsy, muscular dystrophy,
spina bifida, etc.); and subjects who have undergone surgical treatment for scoliosis.

Results
The researchers reviewed 507 patient charts. 262 patient charts did not fit the inclusion criteria.
Common reasons for not meeting the inclusion criteria were: the patient’s diagnosis was not
scoliosis, the patient underwent surgical treatment for their scoliosis, the patient did not

complete a minimum of two progress notes, the patient did not return after the evaluation or
never showed up to their appointment, and other reasons such as moving or death. There were
245 subjects whose charts met the inclusion criteria for the retrospective chart review, with 17%
males and 83% females. Of this total, 1.7% of patients were ages 0-9 (group 1), 32.1% ages
10-17 (group 2), 14.3% ages 18-39 (group 3), 37.1% ages 40-69 (group 4), and 18.1% ages
70+ (group 5). Subjects were placed into age groups based on their age at the time of initial
evaluation. Table 1 contains the demographic information for all patients included in this study.
Of the 245 charts, 75.5% had sufficient data to analyze pain, 58.6% had sufficient data to
analyze Oswestry scores, and 81.4% had sufficient data to analyze ATR. Cobb angle, which
requires radiography to accurately determine, was not re-measured consistently to be included
in any statistical analyses. SRS scores were also not reported in a sufficient number of patient
charts to be included in a statistical analysis.

Tables 1a-1d: Demographic Breakdown
Table 1a (Total sample demographics)
TOTAL CHARTS
REVIEWED

Sex

Age

Category

n

Percentage of sample

Male

41

17%

Female

204

83%

Total

245

100%

0-9

4

2%

10-17

76

31%

18-39

34

14%

40-69

88

36%

70+

43

17%

Table 1b (Pain Rating demographics)
PAIN RATING

Sex

Age

Category

n

Percentage of sample

Male

26

15%

Female

153

85%

Total

179

100%

0-9

0

0%

10-17

30

17%

18-39

26

14%

40-69

83

46%

70+

40

22%

Table 1c (m-ODI Score demographics)
m-ODI SCORE

Sex

Age

Category

n

Percentage of sample

Male

19

14%

Female

120

86%

Total

139

100%

0-9

0

0%

10-17

19

14%

18-39

14

10%

40-69

69

50%

70+

37

26%

Category

n

Percentage of sample

Male

29

15%

Female

164

85%

Total

193

100%

0-9

4

2%

10-17

57

29%

18-39

30

16%

40-69

64

33%

70+

38

20%

Table 1d (ATR demographics)
ATR

Sex

Age

The average change for pain, m-ODI, and ATR in pre-adolescent (group 1), adolescent (group
2) and adult groups (groups 3-5) were statistically analyzed. Only the adolescent and adult
groups were measured for pain and m-ODI due to insufficient data for the pre-adolescent group.
There was, however, sufficient data for the preadolescent group in the ATR outcome measure.
In the pain outcome measure, the adolescent group averaged 1.928/10 pain at initial evaluation
and improved to 0.714/10 after Schroth treatment for an average improvement in pain of 1.214.
The adult group averaged 4.409/10 pain at initial evaluation and improved to 2.36/10 after
Schroth treatment for an average improvement in pain of 2.05/10. Childs et al. determined that a

clinically meaningful change in pain rating scale was greater than a 2 point change in pain
scores.31
In the m-ODI outcome measure, the adolescent group averaged a disability score of 25.16% at
initial evaluation and improved to 14.84% after Schroth treatment for an average improvement
in disability scores of 10.3 percentage points. The adult group averaged a disability score of
43.98% at initial evaluation and improved to 23.84% after Schroth treatment for an average
improvement in pain of 20.12 percentage points. Copay et al. determined that a clinically
meaningful change in the Oswestry was greater than a 12.8 point change in low back pain
disability scores.32
In the ATR outcome measure, the pre-adolescent group averaged 10.25 degrees at initial
evaluation and improved to 7.5 degrees after Schroth treatment for an average improvement in
ATR of 2.75 degrees. The adolescent group averaged 11.25 degrees at initial evaluation and
improved to 7.91 degrees after Schroth treatment for an average improvement in ATR of 3.47
degrees. The adult group averaged 8.67 degrees at initial evaluation and improved to 5.24
degrees after Schroth treatment for an improvement in ATR of 3.4 degrees.

Tables 2a-2c: Average Improvements of Pain Rating, m-ODI, and ATR
Table 2a: (Pain Average Improvement)
PAIN RATING Avg pre

Avg post

Avg improvement

Adolescent

1.928

0.714

1.214

Adult

4.409

2.36

2.05

Table 2b: (m-ODI Average Improvement)
m-ODI
Adolescent
Adults

Avg pre Avg post
Avg improvement
25.16
14.84
10.3
43.98
23.87
20.12

Table 2c: (ATR Average Improvement)
ATR
Pre-adolescent
Adolescent
Adult

Avg pre
10.25
11.25
8.67

Avg post
7.50
7.91
5.24

Avg improvement
2.75
3.47
3.40

Outcome measures were taken at the time of initial evaluation and compared to the last
available measurement of the same patient, either at discharge or the latest progress note.
Each outcome measure was analyzed for significant change between evaluation and discharge
using the Wilcoxon Signed Ranks Test due to the non-parametric nature of the data, and
difference in efficacy between age groups was examined using the Kruskal-Wallis Test. The

Mann-Whitney U test was used to compare relative efficacy in outcome measures between
specific age groups.
For the outcome measure of Pain Rating, the Wilcoxon Signed Ranks test revealed a significant
improvement between pre- and post-treatment samples for age groups 2-5, the only groups with
subjects for this outcome measure, with P<0.001, 𝛼=0.05. A Kruskal-Wallis test was conducted
to determine if there were any significant differences between age groups and found the test
statistic to be significant with a P=0.003, 𝛼=0.05. The Mann-Whitney U test was conducted to
determine which specific groups were statistically significant when compared to one another.
The only two groups that were found to be significantly different from each other were group 2
vs group 3 (P<0.001, 𝛼=0.008) and group 3 vs group 4 (P=0.007, 𝛼=0.008). Group 2 vs group 4
P=0.069, 𝛼=0.008), group 2 vs group 5 (P=0.036, 𝛼=0.008), group 3 vs group 5 (P=0.07,
𝛼=0.008) and group 4 vs group 5 (P=0.491, 𝛼=0.008) were not statistically significant when
compared to one another.
For the outcome measure of modified Oswestry Disability Index, the Wilcoxon Signed Ranks
test revealed a significant improvement between pre- and post-treatment samples for age
groups 2-5, the only groups with subjects for this outcome measure, with a P<0.001, 𝛼=0.05. A
Kruskal-Wallis test was conducted to determine if there were any significant differences
between age groups and found our test statistic to be significant with a P=0.003, 𝛼=0.05. The
Mann-Whitney U test was then conducted to determine which specific groups were statistically
different when compared to one another. The only groups that were found to be significantly
different from each other were group 2 vs group 4 P<0.001, 𝛼=0.008) and group 2 vs group 5
(P=0.001, 𝛼=0.008). Group 2 vs group 3 (P=0.043, 𝛼=0.008), group 3 vs group 4 (P=0.888,
𝛼=0.008), group 3 vs group 5 (P=0.841, 𝛼=0.008) and group 4 vs group 5 (P=0.673, 𝛼=0.008)
were not statistically significant when compared to one another.
For the outcome measure of ATR, the Wilcoxon Signed Ranks test revealed a significant
improvement between pre- and post-treatment samples for all five age groups with a P<0.001,
𝛼=0.05. A Kruskal-Wallis test was then conducted to determine if there were any significant
differences between age groups and found the test statistic to be not statistically significant with
a P=0.669, 𝛼=0.05. Since no statistically significant difference was found, the Mann-Whitney U
test was not conducted for this outcome measure. See Table 2 for statistical analyses of results.

Table 3- Statistical analyses of results
PAIN
Wilcoxon
Kruskal
Mann-Whitney

0 a = .05

Significant

0.003 a = .05

Significant

2-3

0 a = .008

Significant

2-4

0.069 a = .008

Not significant

2-5

0.036 a = .008

Not significant

3-4

0.007 a = .008

Significant

3-5

0.07 a = .008

Not significant

4-5

0.491 a = .008

Not significant

m-ODI
Wilcoxon

0 a = .05

Significant

0.003 a = .05

Significant

2-3

0.043 a = .008

Not significant

2-4

0 a = .008

Significant

2-5

0.001 a = .008

Significant

3-4

0.888 a = .008

Not significant

3-5

0.841 a = .008

Not significant

4-5

0.673 a = .008

Not significant

Kruskal
Mann-Whitney

ATR
Wilcoxon
Kruskal

0 a = .05
0.669 a = .05

Significant
Not significant

Discussion
The present study sought to investigate the effectiveness of Schroth-based exercises in treating
idiopathic scoliosis in preadolescent (group 1), adolescent (group 2), and adult patients (groups
3-5). The adult age group was divided into three separate groups for statistical analysis due to
the age difference between a younger adult (18 year-old), middle aged adult (40 year-old), and
an older adult (70 year-old), however, all three adult age groups are part of the adult population.
Due to the absence of a control group, the researchers drew comparisons between
pre-treatment and post-treatment values of the same patients. The researchers also drew
comparisons in relative efficacy between age groups.
Across all age groups and outcome measures, there was a statistically significant improvement
after participation in treatment that included Schroth exercises. Of the 179 reviewed charts that
included pain rating, 103 subjects demonstrated an improvement in reported pain scores, 73
reported no change, and 3 reported an increase in pain. Of the 103 subjects that reported an
improvement in pain, 85 of those reported a change greater than the minimal clinically
significant change of 2 points out of 10. Out of 139 charts that included m-ODI scores, 125
showed improved scores, 14 showed no change, and no scores worsened. Of the 125 subjects
demonstrating an improvement in m-ODI score, 94 had an improvement greater than the

minimal clinically significant change of 12.8 percentage points. Out of 193 charts with ATR
values, 162 improved, 25 showed no change, and 6 worsened. These findings support that
treatment that includes Schroth exercises was effective in treating pain, overall disability, and
ATR related to scoliosis.
In order to understand why pre-adolescent, adolescent, and adult patients responded the way
they did to Schroth treatment, it is important to examine how the different outcome measures
are represented in the different age groups. Scoliosis presents differently across the lifespan
with respect to pain, disability, and physical deformity. The researchers noted a consistent trend
of the adolescent group reporting less severe values in the subjective outcome measures when
compared to the adult subjects. Adolescents consistently reported lower pain (an average of
1.9/10 at initial evaluation compared to 4.4/10 for adults) and lower disability (average m-ODI
score of 25% disability compared to 44% disability for adults). Conversely, the researchers
noted the adolescent patients presented with more severe physical deformity (average ATR
score of 11.25 degrees at initial evaluation compared to 8.67 degrees for adults). The
pre-adolescent group (ages 0-9) had a very small sample size (n=4) and was only reported in
the ATR category, and their average initial ATR (10.25 degrees) was comparable to the
adolescent group. Larger ATR scores for adolescent patients are likely due to the fact that it was
physical deformity compelling these patients to seek treatment, compared to pain and disability
being the motivating factor for the adult group. This supports the idea that scoliosis treatment in
adolescents should be focused on correcting and preventing further physical deformity to
prevent the development of pain and disability later in life.
When compared to the adolescent subjects, adult subjects demonstrated significantly more
improvement in pain (mean improvement 2.05/10 pain score vs 1.21/10 for adolescents) and
disability (mean m-ODI improvement of 20.12 percentage points vs 10.3 percentage points for
adolescents). These larger improvements for adults could be attributed to the fact that the adult
subjects started with higher initial pain and disability scores, and therefore had more
improvement available. It also suggests that conservative treatment can be effective in treating
adults with scoliosis, a slight paradigm shift from the idea that conservative treatment needs to
be implemented before adulthood to demonstrate efficacy.
While adolescents started on average with a higher ATR than their adult counterparts as
discussed above, the improvement in this outcome measure was very similar between
pre-adolescents, adolescents, and adults with mean improvements in degrees of 2.75, 3.47,
and 3.40, respectively. Statistical analysis revealed no significant difference in ATR
improvement between any age group, which is contrary to the researcher's expected outcome
that the adolescent group would improve more here due to increased tissue malleability. This is
perhaps due to increased adolescent tissue malleability being somewhat counteracted by the
fact that scoliotic curves increase at a much faster rate during adolescence than in adulthood,
meaning that the adolescents may have, in fact, demonstrated greater ATR improvement given
that this is typically an age of greater curve advancement. Furthermore, from a qualitative
standpoint, the researchers noted several examples in the clinical notes of difficulty with

exercise compliance in the adolescent patients which may have influenced the effectiveness of
the intervention. This highlights the importance of education of younger patients as to the
long-term potential for higher pain and disability in adulthood that may not be experienced in
adolescence.
In addition to drawing comparisons between pre-adolescent ("group 1", ages 0-9), adolescent
("group 2", ages 10-18), and adult age groups, the researchers further divided the adult age
group into early adulthood ("group 3", ages 18-39). middle adulthood ("group 4", ages 40-69)
and late adulthood ("group 5, ages 70+). In the pain outcome measure, only age group 3
showed significantly better improvement than any other age group. The researchers found that
subjects in age group 3 had greater improvements in pain when compared to age group 2. As
discussed above and according to the literature, pain is not as significant of a factor in
adolescents with scoliosis as it is for adults. 33 A study completed by Wong et al., found
adolescents, 10 to 18 year olds, with AIS and no history of surgery had chronic back pain only
9% of the time (85 out 987 participants).33 Another study completed by Grauers, found the
prevalence of back pain in untreated adults, 20 to 65 years old, with idiopathic scoliosis to be
69% of 374 participants.34 It was also found that subjects in group 3 had greater improvements
than those in group 4. Hypotheses as to why group 3 showed greater improvements in pain
compared to group 4 include the younger participants possibly being better able to correctly
perform the intricate Schroth exercises, possibly having fewer osteophytic changes leading to a
greater capacity for improvement of scoliotic curves, and having less time for pain to develop
into a serious chronic condition. All other comparisons between age groups (group 2 vs group 4,
group 2 vs group 5, group 3 vs group 5, group 4 vs group 5) were not found to be statistically
significant.
In the m-ODI outcome measure, it was found that older adults, groups 4 and 5, showed
significantly better improvements when each was compared to the adolescents. These older
groups had higher disability scores than the adolescents and therefore had more potential for
improvement. It is also possible that since it was a subjective questionnaire, the adult groups
understood what was being asked in the questions better than the adolescents. All other
comparisons between age groups (group 2 vs group 3, group 3 vs group 4, group 3 vs group 5,
group 4 vs group 5) were not found to be statistically significant.
In the ATR outcome measure, all age groups showed significant improvement in ATR. This is
supported by the result of the Wilcoxon signed ranks test in which all groups improved pre to
post. There were no significant differences between any age groups, including the three adult
subgroups. This means that it cannot be concluded that ATR improved more in any age group
than another. As discussed above, the adolescent tissue malleability may have been neutralized
by the higher rate of curve progression found in adolescence.
Overall, all groups improved, but the adolescents improved the least compared to other age
groups in the subjective outcome measures of pain rating and m-ODI which was likely

influenced by the initial low scores. All age groups improved in ATR with no significant
differences found between the age groups.
This study is significant because the Schroth method is a more commonly known technique in
Europe than in the United States.10 As mentioned in the introduction, there are approximately
29,000 surgeries performed in the United States each year on adolescents to treat AIS. 3
Financially, it is in the patients' and third-party payers', best interest to explore effective
conservative treatment options initially, as compared to surgery. This study suggests that the
Schroth method may improve outcomes in pain, Oswestry score, and ATR in patients with
idiopathic scoliosis across the lifespan. Given that patients can benefit from using the Schroth
method as an effective treatment, the Schroth method can be an alternative treatment in
comparison to more expensive, invasive procedures such as surgical interventions that include
placing Harrington rods in the spine. Furthermore, if idiopathic scoliosis can be identified,
treated and/or prevented early on, then patients may have better outcomes and may be less
likely to require bracing or surgical intervention in later stages. Lastly, this study suggests that
an older adult may still benefit from Schroth even later on in life, not just preadolescents and
adolescents.

Limitations
There were several important limitations that were considered for the present study. First, due to
the retrospective nature of this study, data collection intervals were not standardized so there
was a difference in the amount of time or treatment between initial and follow-up measurements.
The time of treatment per patient depended on a number of factors including curve severity,
financial reasons, participating in treatment during the COVID-19 pandemic, and other personal
factors such as the amount of time dedicated to the patient’s home exercise program. Second,
there were varying severities of scoliosis among subjects which in the literature is categorized
by Cobb angle. Unfortunately, Cobb angles were not routinely obtained from the referring
physician. Varying levels of curve severity can affect the amount of treatment the patient
received; the curve severity can also affect the amount of improvement that could occur. Without
Cobb angles to quantify the severity of scoliosis it is difficult to identify which patients would
have been considered for observation, bracing or as surgical candidates. Another limitation was
the lack of generalizability due to the study being performed in one clinic. It would be beneficial
for future studies to review charts from multiple different clinics that specialize in the Schroth
Method to view the effectiveness of this particular method across different practitioners.
Reviewing multiple clinics’ charts would also increase the sample size, specifically in the
pre-adolescent group. Another limitation was there was no control group used in this study.
Therefore, this study can only determine association but not causation. Finally, there were
varying levels of patient commitment in performing home exercise programs. When engaging in
the Schroth Treatment Method, it is essential the patient completes their home exercise
program regularly to see long lasting improvements.
Conclusion

This chart review demonstrated that the Schroth method can be an effective treatment pre to
post for improving pain scores, improving low back disability scores and decreasing ATR for
more than one age group. The Schroth method may be most effective in adult patient ages
18-39 for improving pain and most effective in ages 40+ in improving low back disability scores.
Further research is needed to explore the potential difference in efficacy across the lifespan.
This study supports that physical therapy treatment that included Schroth method exercises
provided by a Schroth trained therapist were effective in treating scoliosis, however, a clearer
picture as to the Schroth method's efficacy should be explored by future studies with more
attention given to specific Schroth interventions and their biomechanical and physiologic
mechanisms.
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Appendix A
SRS-22r Patient Questionnaire

Patient Name: ____________ ________ ______________ Date of Birth:____ _____ ____
First MI Last Mo Day Yr
Today’s Date: ____ ______ ________ Age: _____+_______
Mo Day Yr Yrs Mo
Medical Record #:
___________________

INSTRUCTIONS: We are carefully evaluating the condition of your back and it is
IMPORTANT THAT YOU ANSWER EACH OF THESE QUESTIONS YOURSELF.
Please CIRCLE THE ONE BEST ANSWER TO EACH QUESTION.
1. Which one of the following best describes the amount of pain you have experienced
during the past 6
months?
None Mild
Moderate
Moderate to severe
Severe
2. Which one of the following best describes the amount of pain you have experienced over
the last month?
None Mild
Moderate
Moderate to severe
Severe
3. During the past 6 months have you been a very nervous person?

None of the time
A little of the
time Some of the
time Most of the
time All of the
time

(CONTINUED ON NEXT PAGE)
1
4. If you had to spend the rest of your life with your back shape as it is right now, how
would you feel about
it?
Very happy Somewhat
happy Neither happy nor
unhappy Somewhat
unhappy Very unhappy
5. What is your current level of activity?
Bedridden Primarily no activity
Light labor and light sports
Moderate labor and moderate
sports Full activities without
restriction
6. How do you look in clothes?
Very good
Good Fair
Bad Very
bad
7. In the past 6 months have you felt so down in the dumps that nothing could cheer you up?

Very often
Often
Sometime
s Rarely
Never
8. Do you experience back pain when at rest?
Very often
Often
Sometime
s Rarely
Never
9. What is your current level of work/school activity?
100% normal
75% normal
50% normal
25% normal
0% normal
(CONTINUED ON NEXT PAGE)
2
10. Which of the following best describes the appearance of your trunk; defined as the human
body except for the head and extremities?
Very good
Good Fair
Poor Very
Poor

11. Which one of the following best describes your pain medication use for back pain?
None Non-narcotics weekly or less (e.g., aspirin, Tylenol,
Ibuprofen) Non-narcotics daily Narcotics weekly or less (e.g.
Tylenol III, Lorcet, Percocet) Narcotics daily

12. Does your back limit your ability to do things around the house?
Never
Rarely
Sometimes
Often Very
Often
13. Have you felt calm and peaceful during the past 6 months?
All of the time
Most of the time
Some of the time
A little of the
time None of the
time
14. Do you feel that your back condition affects your personal relationships?
None
Slightly
Mildly
Moderately
Severely

(CONTINUED ON NEXT PAGE)

3
15. Are you and/or your family experiencing financial difficulties because of your back?
Severely
Moderately
Mildly
Slightly
None

16. In the past 6 months have you felt down hearted and blue?
Never
Rarely
Sometime
s Often
Very often
17. In the last 3 months have you taken any days off of work, including household work, or school
because of back pain?
0 days 1 day 2
days 3 days 4
or more days
18. Does your back condition limit your going out with friends/family?
Never
Rarely
Sometime
s Often
Very often
19. Do you feel attractive with your current back condition?
Yes, very Yes, somewhat Neither
attractive nor unattractive No,
not very much No, not at all
20. Have you been a happy person during the past 6 months?
None of the time
A little of the
time Some of the
time Most of the
time All of the
time
(CONTINUED ON NEXT PAGE)

4
21. Are you satisfied with the results of your back management?
Very satisfied Satisfied Neither
satisfied nor unsatisfied
Unsatisfied Very unsatisfied
22. Would you have the same management again if you had the same condition?
Definitely
yes Probably
yes Not sure
Probably not
Definitely not

Thank you for completing this questionnaire. Please comment if you wish.

3-10-06
END

Appendix B
Data Collection Sheet

